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Abstract. In this work, the different exchange freedom, one gloun, one pion or Coldstone boson, in con- 
stituent quark model is investigated, which is responsible to the hyperfine interaction between constituent 
quarks, via the combined analysis of the rj production processes, T7~p rjn and yp — ^ rjp. With the 
Goldstone-boson exchange, as well as the one-gluon or one-pion exchange, both the spectrum and observ- 
ables, such as, the differential cross section and polarized beam asymmetry, are fitted to the suggested 
values of Particle Data Group and the experimental data. The first two types of exchange freedoms give 
acceptable description of the spectrum and observables while the one pion exchange can not describe the 
observables and spectrum simultaneously, so can be excluded. The experimental data for the two processes 
considered here strongly support the mixing angles for two lowest Sii sates and D13 states as about —30° 
and 6° respectively. 
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1 Introduction 

How to understand the baryon spectrum in the nonpertur- 
bative QCD dynamics is still a wide open sector of particle 
physics after the discovery of the first baryon resonance 
A by Fermi in the fifties of last century. Due to the diffi- 
culty of dealing with the QCD in the nonperturbative en- 
ergy region, many phenomenological models are proposed 
to describe the internal structure of the hadron. Among 
the phenomenological models the constituent quark model 
(CQM) achieved a vast of successes and become the basis 
of discussion about the hadron spectrum to some extent, 
such as the "missing resonances" . Even some assumptions 
of CQM have been confirmed by the modern lattice QCD 
calculation, such as the massive u d quark with mass about 
300 MeV 1 . The relation between CQM and large l/N^ 
approach and QCD sum rule is also investigated [2j|3l|4], 
which supports CQM as a right effective description in 
nonperturbative energy region. 

Expect the confinement potential an important ingre- 
dient of CQM is the hyperfine interaction between con- 
stituent quarks, which is related to the mass splitting of 
the states in the same multiplet, such as the two negative 
parity 6*11 nucleon resonances. A popular hyperfine inter- 
action is from the one-gluon exchange (OGE) inspired by 
the fundamental theory of strong interaction QCD [51111 
[7]. It is also called as Isgur-Karl model due to the sur- 



prising success of their version of OGE in the description 
of the baryon spectrum and many properties of hadron 
and the corresponding resonances [S*,!) . A modern model, 
the Goldstone-boson exchange (GBE) model based on the 
spontaneous breaking of chiral symmetry of QCD [TOl 
111] , which is extended from an early version, one-pion ex- 
change (OPE) model proposed by Riska and Glozman 
about 2000 , can also be applied to describes the baryon 
spectrum and predict decay properties of resonances [T^ 
and axial charges of baryon [TT]. Besides, Manohar and 
Georgi argued that both Coldstone boson and gluon ef- 
fective degrees of freedom survive in the spontaneously 
broken chiral symmetry and confinement energy scales |13l 

IHj. 

A problem arises: which one of them is right? It is nat- 
ural to judge the different hyperfine interactions in the 
basic theory of strong interaction QCD. However, the dif- 
ficulty of application of QCD in the low energy nonper- 
tubative region is just the reason why we adopt the phe- 
nomenological model. The Lattice simulation is the unique 
practical way to apply QCD in this energy region by so 
far. A valence lattice QCD result, where the pair creation 
through the Z graphs is deleted in the connected inser- 
tions, supports the Coldstone boson exchange picture [151 
[TB] . but Isgur pointed out that this is unjustified consider- 
ing that vQCD has a very different spectrum from quench 
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QCD and nature 17 . In Refs. [TH1II1M2D] , the confinement 
of hadrons are investigated in SU(3) lattice QCD, and is 
well described by the one-gluon-exchange (OGE) Coulomb 
plus string-theoretical linear potential. However the spin- 
dependent part, that is, the hyperfine interaction, which 
is more important for an constituent quark model, is still 
introduced by hand. In large 1/Nc approaches, Dan Pir- 
jol et al. derived the correlations among the masses and 
mixing angles and used it to test the different exchange 
models by study the spin-flavor structure of the negative 
parity L = 1 excited baryons[3j. They find that the ex- 
periment data disfavour the pure gluon-exchange model. 
However as they indicted at a footnote the yl(1405) con- 
sidering there is a confusing state, which may be not a 
pure three quark state, and the possible long-distance con- 
tributions is also non-negligible. Hence their conclusion 
is not reliable. In Ref [3] both gluon and pion exchange 
can produce the observed data while the Isgur-karl model 
need a much smaller exchanged vector meson in a range 
/X ~ [0, 400] MeV compared with the Lattice calculation of 
hybrid meson masses and glueball mg ~ 800 MeV. More 
precise use of the Isgur-Karl model and its parameters 
should be improved to confirm this conclusion. 

Another way to evaluate the different hyperfine inter- 
actions is applying the corresponding hyperfine interac- 
tion to the calculation of the experimental observables and 
comparing with the experiment data directly. By an ef- 
fective matrix element method, Georgi et al. analyze the 
P-wave baryon spectroscopy with both OGE and GBE 
hyperfine interactions, and find a smaller for the for- 
mer in fitting the data. However the authors claimed that 
it should not be interpreted as evidence in favor of the 
chiral quark model picture |14j . A comparative study has 
been done by calculating the effective baryon-baryon in- 
teractions of the 64 lowest channels consisting of octet 
and decuplet baryons with three types of hyperfine inter- 
action, GBE, OPE, and hybrid model, and find that these 
three models give similar results, that is, all three models 
have reproduced the spectrum to some extent [21] . As Is- 
gur suggested the successful description of the spectrum is 
only necessary but not sufficient to determine whether a 
model is successful f22]. It is first applied by Chizma and 
Karl[53] though a simple calculation of mixing angles of 
the low lying negative parity nucleon resonances 5ii (1535) 
and Di3(1650) and large deviation are found. With those 
mixing angles the OPE can be excluded though the calcu- 
lation of the helicity amplitudes for the nucleon resonances 
[24] . However with a remedy that the vector meson ex- 
changed are included the GBE model survived and gave a 
reasonable mixing angles for the low energy negative par- 
ity N* [5S]. Thus a more comprehensive test of these two 
hyperfine interactions is essential. 

Recently, the 77 production processes, iT~p — )■ rjn and 
7P — >■ rjp, are investigated combinedly in a chiral quark 
approach [21[171[28, 29, 30 [[311131] equipped with OGE ^ 
[33] ■ In this approach, the observable are related with the 
different hyperfine interactions, such as OGE and GBE, 
through the configuration mixing of wave functions. Hence 
it is a good place to check the exchange freedom in the 



constituent quark models. The previous studies show a 
great success of OGE mechanism. Hence in this work we 
will study the effectiveness of GBE and OPE in the rj 
productions. 

The structure of the paper is as follows. In the next 
section, a sketch of the theoretical framework of our work 
will be presented. In section[31 the numerical results will be 
reported and a discussion about the mixing angles of low 
lying negative resonances will be presented also. Summary 
and conclusion will be given in the last section. 



2 Theoretical Frame 

In this section we recall briefiy the chiral quark approach 
and the three types of hyperfine interaction. In the chiral 
quark model approach the amplitudes for a certain reso- 
nance can be written as |5Ull331l3i] . 



Mn' = 



2M 



N* 



Ml, 



o 



(1) 



where -^s is the total energy of the system, k and q are the 
momenta of initial and final states in the CM frame, and 
Mjsi* is the mass of the corresponding resonance and a is 
the harmonic oscillator constant, -r(q) in Eq. ([TJ is the 
total width of the resonance, and a function of the final 
state momentum q. The O n* , the transition amplitude 
for pseudoscalar meson production through photon and 
meson baryon scattering, is determined by the structure 
of each resonance, and takes, respectively, the following 
CGLN form: 



/n7 



o 



N' 



= ifii±o- ■ e + f2i±'y • qo- • (k X e) + if3i±cr • kq • e 
+ i/4/±o- • qe • q, 

= fll± + /2;±cr • qcr • k. (2) 



As we found in Ref. 31 , with the helicity amplitudes 
of photon transition and meson decay, we can directly ob- 
tain the CGLN amplitudes for each resonance in terms 
of Legendre polynomials derivatives. We can connect the 
transition amplitudes with the multipole coefficients as 



fi± = TAi± = 



1 



27r(2J+ 1) 



(3) 



where J is the angular momentum of corresponding res- 
onance and and Epjj are the energies of incoming 
and final nucleons. The photoexcitation helicity ampli- 
tudes Al, as well as the strong decay amplitudes A^, 
is related to the matrix elements of interaction Hamil- 
tonian [3S] as following, 



A, 



'^^{N*;JX\H,\N;^X~l), 
1 



= {N--u\H^\N*-JX). 



(4) 
(5) 
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Here the is obtained from the effective chiral La- 
grangian. 

Except the transition Hamiltonian the wave function 
of the nucleon resonances are essential to obtain the tran- 
sition amphtude in quark model, which is derived from 
the mass Hamiltonian in a harmonic oscillator basis, i. e. 
the SU{6) wave functions. Generally the Hamiltonian can 
be written as the following form 

i ^ i<j 

where and rrii are the momentum and the mass of 
ith quark. Vconfihj) is the confinement potential and 
yhypihj) denotes the hyperfine interaction between ith 
and jth quark. 

The OGE hyperfine interactions can be derived from 
the one gluon exchange between two constituent quarks 
by non-relativization directly as given by Isgur [51[51l23) . 

where as is an effective quark-gluon fine-structure con- 
stant, Sj is the spin of ith quark, Sij = SSi-r^jSj • — 
Si ■ Sj with Tij is the separation between ith and jth 
quark. For the confinement, we follow the original paper 
by Isgur 6J. 

The Hamiltonian of GBE model is more complicated. 
In this work we will consider all pseudoscalar, vector and 
scalar meson exchanges except the stange mesons 
which can not be exchnaged between m or d quarks. The 
interactions is also derived by the non-relativization and 
written as 

3 

+ [K,(^,J) + K,s(^,J)]A^Af 

+ l[Vrr{hJ) + V^,{hJ)]+VA^,J), (8) 

where A° denote the Gell-Mann flavor matrices. The ex- 
plicit expressions of the different meson-exchanges have 
been given explicitly in Ref. [25ll36) . In GBE model, a 
modified confinement potential is used as the form 

Vconf{t,j) = Vo + Croil - e-'--/''« ). 

The OPE model can be reached by turning off other ex- 
changes except the pion meson. 

3 Fitting procedure and numerical results 

In this work we following the fitting procedure in Ref. |.34; . 
The data sets to be fitted for differential cross-section and 
the polarized beam asymmetry of — > rjp and differential 
cross-section of Tr~p — )■ rjn is listed in Table [TJ 



Table 1. The data sets for the 7p — >■ i]p differential cross 
section (rows 2 to 7) and polarized beam asymmetry (rows 
8 and 9); differential cross section of the reaction ■K~p r/n 
(rows 10 to 14). The range of energy in the CM frame and the 
number of data point are in the 3 and 4 column respectively. 



Observable 


Collaboration/author 


W (GeV) 


Ndp 


In (7P ^ m) 


MAMI94 [37] 


1.49 - 1.54 


100 




CLAS09 [38] 


1.68 - 2.80 


1081 




ELSA05 [32] 


1.53 - 2.51 


631 




ELSA09 [40] 


1.59 - 2.37 


680 




LNS06 E] 


1.49 - 1.74 


180 




GRAAL07 42 


1.49 - 1.91 


487 


S {jp -> rip) 


ELSA07 43] 


1.57 - 1.84 


34 




GRAAL07 [H] 


1.50 - 1.91 


150 




Prakhov et al. [44] 


1.49 - 1.52 


84 


Deiinet et al. [45] 


1.51 - 1.70 


80 




Richards et al. [JB] 


1.51 - 1.90 


64 




Debenham et al. [47] 


1.49 - 1.67 


24 




Brown et al. S] 


1.51 - 2.45 


102 



In summary, 3697 experimental points will be used in 
the fitting procedure. Here the CLAS02 ^\is removed be- 
cause it is not consistent with the new data CLAS09 as 
shown in Ref. [34,- In the previous work [34], the spec- 
trum, which is fitted to the values suggested by Particle 
Data Group[50|, is included only to give a constraint to 
the parameters, so the ^or photon and 7r-induced pro- 
ductions and spectrum are summed up directly. However 
for investigating the hyperfine interaction of nucleon res- 
onances, the spectrum is very important. Hence a weight 
factor 150 are introduced for the of spectrum in this 
work. Besides, a weight factor 10 is also introduced to 
TT-induced production. 

With the formalism in the previous section we calcu- 
late the spectrum of nucleon resonances with mass M < 
2 GeV and the Z\(1232) and observables for the rj produc- 
tions. In the low energy region the resonances in the Par- 
ticle Data Group are adopted besides a new Sn states. In 
the high energy region a Reggeized treatment are applied. 
The theoretical results are fitting to the experimental data 
by the MINUIT program. To do so, we have a total of 
25(23) free parameters for GBE (OPE) model and 19 free 
parameters for OGE, which will be presented explicitly in 
the following subsections. 



3.1 Results for the spectrum 

The mass spectrum of nucleon resonances have been stud- 
ied in various models. In the literatures, OGE, OPE and 
GBE models can reproduce the mass spectrum success- 
fully [51[51llO[|ll[|T^ . We have checked it with the inter- 
action Hamiltonian given in Eqs.( [7]) and (O by fitting 
the values of Particle Data Group. All three models can 
give excellent description of the mass spectrum with rea- 
sonable parameters as expected. However, if the data of 
observable listed in Table [T] are included in the fitting, the 
OPE can not give any acceptable results. Hence in this 
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subsection only the results of GBE and OGE models are 
presented. 

We list the parameters related to the mass spectrum 
for GBE and OGE models in Tables [H and El 



Table 2. Parameters of the OGE model related to the mass 
spectrum. 



Parameter 


Ref.[31] 


current work 




312 


310 


aho[MeV] 


348 


309 




1.96 


1.61 


«[MeV] 


437 


428 


Zi[MeV] 


460 


456 




3.4 


1.3 



For the OGE model, the average x%ec fo^' the mass 
spectrum decrease obviously, from 3.4 to 1.3, because the 
contribution of mass spectrum in the total is weighted 
by a factor 150. The parameters related to the spectrum 
have slight variation and are in the reasonable ranges. 

Table 3. Parameters of the GBE model related to the mass 
spectrum 



Parameter 




Rof. 36 


current work 


ruq [MeV] 




340 


251 


aho[MeV] 






316 


/ V , T 
(gv,8+9v,S 


1.31 


1.39 






0.67 


0.80 


[fm-i] 




0.7 


0.45 


Ap [fm-i] 




1.2 


1.58 


K 




1.2 


1.83 


C [fm-2] 




2.53 


2.13 


ro [fm] 




7 


6 


Xspec 






1.6 



For GBE model, we compare our parameters with the 
ones in Ref. [35] where only the spectrum is considered. 
As indicated in Table [3l the non-strange quark mass (mq) 
is smaller compared with the one in the original paper but 
still in the reasonable range in constituent quark model, 
200~350MeV. In order to prevent a proliferation of free 
parameters, a universal coupling constant g^^/Ai: is as- 
sumed to be equal to the quark-pion coupling constant 
g^/47r, which is popular used in the literatures [5TJ[52]. 
Such treatment is also applied to the vector meson case. 
The fitted parameters are consistent with the results by 
Graz group [3S]. The confinement strength, C « 2.15 fm~^ 
is close to the Lattice one [53] . The average xipec ™ GBE 
model is about 1.6, which is a little larger than the OGE 
model. 

With the above parameters the theoretical results of 
the mass spectrum by OGE and GBE models are pre- 
sented in Fig. [1] and compared with the values in Particle 
Data Group. 




1.4 - 



S11 P11 Pl3 D,5 F-15 F,7 

Resonance 

Fig. 1. The spectrum of baryon resonances from PDG [50] 
(*,** light green bands,***,**** dark green bands) and from 
the current work for known (*,** light red bars,***,**** dark 
red bars), missing (yellow bars), and new (white bar) reso- 
nances. The black bars indicate logZix'^/Xoi the logarithms of 
variations of after turning off the corresponding resonance 
compared the one of full model Xo- The higher one is for the 
OGE model and the lower one is for the GBE model. 



Compared with the original papers [F,6 , the results 
of the OGE model in the current work have an excellent 
agreement with the values of Particle Data group due to 
the parameters obtained by fitting not chosen by hand 
as in the original paper. For the GBE model, most states 
are well reproduced as the original work. However through 
the relative ordering of the lowest positive- and negative- 
parity excitations is obtained rightly, the gap is smaller. 
If we fitting the mass spectrum only, the gap can be well 
reproduced. It supports Isgur's suggestion that the mass 
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spectrum is not enough to judge an model. Generally the 
two models give very similar description of the mass spec- 
trum and reproduce the values suggested by Particle Data 
Group. In the OGE model the two star Pi3(1900) in Par- 
ticle Data Group can be assigned as the second P13 states 
while in GBE the mass of second states is too low, so we 
assign the Pi3(1900) as the third one. Because it is not 
important in the channels considered in this work we will 
not give any conclusion about this state here. 

3.2 Results for 77 productions 

In Table 21 the remaining parameters in GBE and OGE 
models, which are only involved in the 77 productions, are 
listed. 



Table 4. Parameters related to the ri productions, where M 
and r are in MeV. 



Parameter 


GBE 


OGE 


Ref. 34] 


g-riNN 


0.146 


0.290 


0.276 


Pi3(1720): 


^Pl3{1720) 


0.107 


0.172 


0.22 




^Pl3(1720) 


-0.916 


-0.823 


-0.85 


New Sii: 


M 


1730 


1701 


1700 




r 


319 


469 


473 




Cn' 


0.509 


1.11 


1.18 


iV(1535): 


M 


1534 


1532 


1532 




r 


169 


144 


140 


7j-channel: 




0.36 


0.63 


0.71 






1.53 


1.26 


1.39 


<-channel 


dpqq 


1.43 


1.99 


1.90 




l<-pqq 


-0.14 


-0.25 


-0.20 




dujqq 


3.33 


4.87 


4.88 




l^uqq 


-0.15 


-0.30 


-0.26 




7P rip 


2.7 


2.4 


2.5 




TT~p r]n 


1.6 


1.3 


1.3 



For the OGE model after weighted the contribution of 
spectrum, the parameters is almost unchanged. All param- 
eters for the GBE model are consistent with the ones for 
the OGE model in the reasonable ranges. The coupling 
constant gnNN is 0.146 in GBE model, which is smaller 
than the one in OGE. Comparable values are also reported 
in Refs. [MUiSllSaiST] . Here the strengths for Pi3(1720) 
and u-channel are consistent in the two models. The mass 
and decay width of S'ii(1535) are fitted directly due to 
that it can not be produced by the current mass Hamil- 
tonian and is important for the 77 productions. The the- 
oretical values are well comparable to the suggest values 
of Particle Data Group. An additional Sn with a mass 
about 1730MeV is introduced for the GBE model as well 
as the OGE model to reproduce the observables for 77 pro- 
ductions. Though average for spectrum in the OGE 
model decrease from 3.4 to 1.3 as shown in the previous 
subsections, the average for 77 photoproduction increase 
a little. The average x^s in the GBE model for two process 
are acceptable though a little large than the ones in GBE 
model. 



In Fig. [1] the variations of after turning off the cor- 
responding resonance contribution, without further mini- 
mizations, are presented with the mass spectrum. As the 
mass spectrum, the GBE and OGE models lead to similar 
mechanism of the two channels considered in this work. 
Among the eighty resonances considered, six resonances, 
three Sn states, first P13 states, the first Z?i3 state and 
P15, indicate their existence in the channels considered in 
this work. The contributions from all five so-called "miss- 
ing resonances" is negligible in both GBE and OGE mod- 
els. 

The explicit results for the differential cross section 
and polarized beam asymmetry for 7p — > rjp at some en- 
ergy points are presented in the Figs. [5] and [31 



715(1491)MeV 


750(1513)MeV 


t 


775(1528)MeV 


875(1588)MeV 












975{1646)MeV 


■ 1075(1702)MeV 


■ 1275(1809)MeV 


■ 1375(1860)MeV 


1475(1910)MeV 


1575(1959)MeV 


1675(2006)MeV 


1775(2052)MeV 


1875(2097)MeV 1 


2075(2185)MeV 


\ 


2375(2310)MeV j 


3695(2795)MeV 



-1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 1.0 



cos9 

Fig. 2. Differential cross section for 7p — >■ ?7p as a function 
of cosOj^ for various values of photon energy in the lab frame. 
The values in parenthesis are the corresponding total energy of 
the system W. The curves are: GBE (full), OGE (dotted), and 
OPE (Dashed). Data are from Refs. [37II38II39II40II41 ||42E9] . 

The differential cross sections in OGE and GBE mod- 
els are almost same as each other and have agreement with 
the experiments. The results for OPE model are presented 
in the same figure also, and one can find the experimental 
data can not be reproduced especially in low energy re- 
gion, which is from the wrong mixing angles, and will be 
discussed later. For the higher energy region, where the 
i-channel contribution is dominant, the failure of OPE 
model to fit the data is not from the t-channel itself but 
the wrong description of resonances in low energy region, 
that is, the large discrepancy in the low energy region 
make it difficult to find a set of parameters to give accept- 
able results in the whole energy region. 

For the polarized beam asymmetries, the curves for 
the OGE and GBE model have a slight discrepancy but 
both agree with the data. The OPE model can not repro- 
duce the data as shown in results of the differential cross 
section. 

The differential cross sections for the pion induced 77 
production are presented in the Fig. 01 As in the photopro- 
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0.8 



720(1494)MeV 

' ■ ' 1 ■ ' t ■ ■ 1 ' ■ 


860(1579)MeV 


930(1620)MeV 


1050(1688)MeV 

'\0' \ 


1160(1748)MeV 

'a \ 


1260(1801)MeV 

/, V- \ 


1335(1840)MeV 


1470(1908)MeV 



-1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 1.0 

cose 

Fig. 3. Same as Fig. (2] but for polarized beam asymmetry for 
7P — !■ rip. Data are from Refs. [421143] . 

duction case, the full model with OGE and GBE model 
reproduce the data in a very similar ways specially near 
the threshold while the OPE model can not reproduce the 
experimental data . 



■° 0.2 



1488MeV 


1492MeV 


1499MeV 


1508MeV 


1512MeV 


1525MeV 


1535MeV 


1576MeV 










1586MeV 

i 


leiOMeV 


1674MeV ^ 
/ 

/ 


1730MeV 


1805MeV 


1898MeV 


1948MeV 


2023MeV 



-1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5 1.0 

cose 

Fig. 4. Differential cross section for 7r~p — > ?7n as a function 
of cosOr, for various values of the total energy of the system W . 
The curves are: GBE (full), OGE (dotted), and OPE (Dashed). 
Data are from Refs. [gl[j5]P5]|T7P5] . 



3.3 The mixing angles of negative parity resonances 

As suggested and applied by many authors 23 , 22 , 58 , the 
mixing angle of two pairs of the negative parity states, 9s 
for S'ii(1535) and 511(1650) and for .Di3(1520) and 
-Di3(1700), is very important to understand the struc- 
ture of resonances and underlying dynamics of the in- 
terquark interaction. In mid-seventies of the past cen- 
tury, Hey et al. |59j have determined the mixing angles 
from the decays of baryon resonances as 6s = —31.9° and 
6d = 10.4°. The standard values of mixing angles in OGE 
model is 9s = —32° and 9d = 6°, which can be obtained 
without parameter-dependent form the OGE hyperfine 
interaction[5]. Recently Dan Pirjol et al. [3] apply the 



large- -/Vc expansion approach to the determination of the 
mixing angles within the following ranges: 0° < 6*5 < 35° 
and 0° <9s < 45°. 

The OPE model in the literature gives the values of 
mixing angles as 9s = 26° and 9o = —53° [53], which 
can not reproduce the helicity amplitudes |24| . Glozman 
|60| pointed out that in the p-exchange tensor interaction 
dominate over the 7r-exchange tensor interaction in the P- 
wave baryons. The p-like exchange contribute a positive 
sign to the mixing angle while the 7r-like exchange con- 
tribute a negative sign in the reasonable parameter range. 
The mixing angles of 5'ii and Di^ obtained here in the 
GBE model are 31° and —6°, respectively, which is almost 
same as values of the OGE model. Combined with the 
agreement with the experiments of the theoretical results 
for rj productions, it suggests the data for the rj produc- 
tions support these values strongly. Here the OPE models 
give 24° and —47°, which is close to the ones in Ref [23l 
[35], 25.5° and —52.5°, obtained from the mass spectrum 
directly. As shown in the above subsections, these values 
will lead to wrong differential cross sections. 



4 Summary and conclusion 

In this work the spectrum and differential cross sections 
and polarized asymmetries are calculated with the GBE, 
OGE and OPE hyperfine interactions. The GBE model 
shows a similar pattern to the OGE in spectrum, observ- 
ables, even the mechanism of the reactions while the OPE 
can be excluded by the large discrepancy of the observ- 
ables for the 77 productions. 

The mixing angles of negative parity states are almost 
same for GBE and OGE models, which indicates the ex- 
perimental data of rj productions support the convention 
mixing angles 9s = -32° and = 6°. Since both GBE 
and OGE can produce the right mixing angles for the four 
negative parity resonances, which play dominant roles in 
the rj production, the 77 production is not a right place 
to check these two models. From the theoretical point of 
view, it is necessary to perform more investigations into 
CQMs through other channels , such as 7p — >■ KA and 
7r~p — > KA. In these reaction channels, the main contri- 
butions are not only from negative parity states 511(1535) 
and 5ii(1650) but also from several positive parity states 
Pii(1700) and Pi3(1720) and so on. The predictions for 
the wave function structure of positive parity states in 
CQMs will provide further information for distinguish- 
ing them. Many investigations [61]162| have shown that in 
strangeness production channel, missing resonances play 
essential role in reproducing the rich single and double 
polarization data, which may be a way to investigate the 
hyperfine interaction between the constituent quarks. 
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